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Scientific Achievement

Model Mo-V-Te-O oxide catalysts were prepared by hydrothermal synthesis and
characterized by x-ray diffraction, ICP and transmission electron microscopy.

The crystal structures of the M1 and M2 phases proposed as active and selective
in propane oxidation to acrylic acid over the bulk mixed Mo-V-Te-O catalysts
were investigated.

The crystal structure of M1 is hexagonal with space group P6mm, lattice
parameters a = 7.1 A, ¢ = 4.05 A and composition Mo, 74V, gsTeq 1044 36 (Mo/V~1).

The crystal structure of M2 is orthorhombic with space group Pbca, lattice
parameters a = 21.25 A, b = 2714 A, ¢ = 403 A and composition
Moy 64Vo.32T€0.103,05 (MO/V~2).

The M2 phase was dominant in the Mo-V-Te-O catalyst. HRTEM observations
revealed a unique pore structure in this phase, which has important implications
for catalysis.

The present results on the structure of M1 and M2 are in general agreement with
previous reports, except for the space group of the M2 phase (Pbca vs. Pba2).

The results obtained indicated that the bulk Mo-V-Te oxides represent a well-
defined model catalytic system for fundamental studies of the surface molecul

Hydrothermal Synthesis of Mo-V-Te-O Oxide Catalysts

« Reagents: Ammonium heptamolybdate (source of Mé*); VOSO, (source of V 4*); TeO, (source of Te4*)
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X-Ray Diffraction Identifying M1 and M2
Phases in Mo-V-Te-O Catalysts
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Lattice Parameters of M1 (Hexagonal, P6mm)
and M2 (Orthorhombic, Pbca)

b . . M1 M2
Mixed Metal Oxide m
Mo-V-Te-O [This work] 7.10 4.05 21.25 27.14 4.03
Mo-V-Te-Nb-O [3]  28.70 4.03 21.21 26.83 8.05
Mo-V-Te-Nb-O [5]  7.29 4.02 21.12 26.62 4.01

structure-activity/selectivity relationships in propane oxidation to acrylic acid.

Significance
Selective propane oxidation to acrylic acid (AA) is:

v’ Attractive due to abundance of low cost alkanes
v Conversion to highly demanded olefins (propene) and oxygenate possible
v Environmentally favored process

Mixed metal Mo-V-Te-(Nb)-O oxide catalysts are particularly promising for the
selective oxidation of propane to acrylic acid [1,2].

These contain M1 and M2 phases proposed as active and selective phases [1,2].

Tentative structural models for M1 and M2 have been proposed [3-5], but the
detailed structures of these phases and the phase diagram have not been
established.

We have discovered that structurally similar and compositionally simpler three-
component Mo-V-Te-O oxides containing the M1 and M2 phases are highly
selective in propane oxidation [6].

In the present study, we have determined that the structure and lattice
parameters of M1 and M2 are similar to those reported by others [6], but the
space group of M2 was determined to be different (Pbca vs. Pba2).

Composition of M1 from TEM-EDS

Composition of M2 from TEM-EDS

Synthesis
Composition M1 phase
(ICP) composition

Synthesis
Composition M2 phase
v (ICP) composition  M° ¥ Te O Mo/V

Moy, VosuTer1005 M0y, VyoTe; sy 17.0 21.2
Moy VossTeoO0x Moy pViTe wOnep 6.0 8.9
Moy 39 Vo55T€0120, MOy 57Vig53T€,000011357 11.8 12.3

Mo0y40Vo30T€01005 MOy sVs 70 T€1000504 23.3 123 2.6 61.8 1.89
Moy 5, V35 Tey30 0, Mo, 0V, Te, Oy 92 5.8 4.2 80.8 1.60
MoyVy 55T€,1,0, Mo,y Vy10Te 050 15.6 7.7 2.4 742 2.01

Mo-V-Te-O Phase Diagram and Compositions Selected for Study
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Structure and Morphology of M2 Phase
Orthorhombic; Pbca; a = 21.25A, b =27.14A, c = 4.03A
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